AMENDMENTS TO THE CLAIMS 
Please amend claim 1-29, as shown below. 

1 1 . (Currently amended) A method for emulating a plurality of virtual timers in a 

2 virtual computer system operating on a p hysical c om puter, the physical comp uter 

2 havs ng one or m ore timers for keeping track of a real ti me for the physical compute r the 

4 virtual timers being programmable by guest software to generate a plurality of timer 

5 events, the method comprising: 



6 receiving programming information from the guest software for 

? programming a first virtual timer; 

8: receiving programming information from the guest software for 

9 programming a second virtual timer; 

1 0 determining when the first virtual timer is set to would generate timer 

11 events according to the real time if it were Implem e nt ed i n a pkys^ w m p ui e t 

12 system, based on the programming information received from the guest software; 
1 3 : determining when the second virtual timer is set to would generate timer 

1 4 events according to the rea l time if4t-we r e imp le me nte d 4 a a"p hysjoal--somfiutef 

1 5 system, based on the programming information received from the guest software; 

16 m4 

1 7 wherein the generation of tim er events falls behin d the real time, sothata 

1 8 first plurality of timer ev ents, in clu ding one o r more tim er events of the firet virtual 

1 9 timer and one o r more tim er events of t he secon d v irtual timer, are set to have 
2 0 already occurred acc ording to t he real time, but th e first plurali ty of timer eve nts 
2 1 have not vet occurred in th e virtual computer system; and 

2 2 generating the first plurality of timer events for the firs*-vtftoal4imef-aft4#t6 

2 3 seeend-viftuaMiffler in the same combined sequence as t he timer even ts are set 

2 4 to oc cur accord i ng to the real time thai-ti^y-we^d-eec^^ 

25 wfea!4ime»wef^^ 

l 2. (Currently amended) £h e method of claims A meth od for emulating a 



2 pj a ! vJL timers in a virtual c - -v r c ? ~ 3 on a physical com puter, 

3 the physical c omputer having one or mor e timers for keeping track of a real time for the 
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4 physical compu ter, the virtual timers b eing pro grammable by quest software to ge nerate 

5 a plurality of timer events, the method comprising: 

» jo " I om the quest s oft ware for 

7 programming a fir st virt ual timer; 

8 receiving p rogr amming informat ion from the quest software for 

9 programming a second virtua l timer; 

10 de*e st > rt»<- m er as set to generate timer e vents 

H according to th e real time, b ased on the programming information received fro m 

12 the que st software; 

X 3 determin ing when the se cond virtual timer is set to generate ti mer events 

14 according to the real time, based on the p rogramming information received from 

15 the guest sof tware; 

1 6 wherein the gen eration o f ti mer events fails behind the real time, so that a 

1 7 first plurality of timer events, including one or more timer e v ents of the first virtual 

1 8 ti mer and one or m ore time r ev ents of the second virtual ti mer, are set to have 

1 9 already occurred accord ing to the rea l time , but the first plurality of timer events 

2 0 have not yet occurred in the virtual comput e r system; and 

21 generating t he first plurality of ti mer events in th e same combin ed 

22 sequence as the timer events are set to occur according to the re al time. 

23 wherein a catch-up mode is used when the generation of timer events in 

2 4 the virtual computer system is behind the real time, tjffHng-of wh e n th e tim o r 

26 wherein a normal mode is used when the generation of timer events in the 

2 7 virtual computer system is caught up to the real time. tinw»§~9^^«*efv#ie4iff^ 

2 9 wherein, when the catch-up mode is used, the average rate of timer 

30 events in the virtual computer system exceeds the average rate at which timer 

3 1 events are se t to occur accordi ng to the real time, wm4d--be-§enerale44n-a 

32 physteaJ-eomputef -systems and 
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wherein, when the norma! mode is used, the average rate of timer events 
in the virtual computer system is substantially the same as the average rate at 
which timer events are se t to c - r \ca ;-g snq to the real time weyld-fee 
§ei^fated--if>^h^ 



3. (Currently amended) ^fre^wefeed-etelaim^ A method fo r emu lating a 
plurality of virtu al timers in a virtual computer syste m operatin g on a physical c omputer, 
the physical computer havin g one or more timers for keeping track of a real time tonne 
physical computer, the virtua l timers being programma ble by guest software t o generate 
- e a nts, the m ethod comprising : 
receiving progra mming inf ormation fro m the q uest software for 
programmi ng a first v irt ual timer ; 

recei ving pr o grammin g i nfo rmation f rom the quest soft ware for 
pr ogramming a second virtual time r: 

determining w he n the fir st v irtual timer is set to generate ti mer events 
according to the real tim e, based on .the programming i nforma tion recesvec: fro n - 
nest softw are; 

determining whe n the seco nd virtual t im er is set t o generate timer ev ents 
accordinatothe real time, based on t he programming i nformation received fr om 
the guest sof t ware: and 

generating timer events fo r the first virt ual timer and the secon d .virtual 
ti mer in the same combined seq uen ce as the t i mer events are s et to occur 
according to the r eal time , 

wherein a catch-up mode is used when the generation of timer events in 
the virtual computer system is behind the real time, t¥nlfi§^wh©n -fe©--timef 

wherein a normal mode is used when the generation of timer events in the 
virtual computer system is caught up to the rea^ time, tiinmg-0^iv^4he-4jmw 
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wherein, when the catch-up mode is used, the average rate of timer 
events in the virtual computer system exceeds the average rate at which timer 
events are set to occur according to the real time, weti&-fee-§eneft^--ia-a 
pfcysieal-Gomputer-eyete^ and 

wherein, when the normal mode is used, the average rate of timer events 
in the virtual computer system is substantially the same as the average rate at 
which timer events are set to o .-« _ „ - - me wowM-fee 



4, (Currently amended) The method of claim 3 [[2]J, wherein, when the 
normal mode is used, the interval between successive timer events in the virtual 
computer system is substantially the same as the interval that-wou ki occu r between the 
same successive timer events as set accord ing t o the real ti me m-a^frysteateomputef 
system 

5. (Currently amended) The method of claim 3 [[21], wherein the catch-up 
mode is entered when the generation of timer events in the virtual computer system falls 

compu t er sy s tem by a predetermined amount and the normal mode is entered when the 
generation of timer events in the virtual computer system goes ahead of the real time 

predetermined amount. 



6. (Currently amended) The method of claim 3 [[2]], wherein the catch-up 
mode is entered substantially immediately when the generation of timer events in the 
virtual computer system falls behind the real tim e &f^-e&*&eft4he tim e r e v e nts wou l 
be-§ef^i^te44n--a--pfrysica4-se mputer syst e m and the normal mode is entered 
substantially immediately when the generation of timer events in the virtual computer 
system catches up to the real time tkwiF^^when4he'tjmef-e 
If^a-pl^lcal-eomputef-system . 
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1 7. (Currently amended) The method of claim 3 [[!]], wherein, if the guest 

2 software attempts to read a read count value from a virtual timer, a returne d count value 

3 is returned to the guest software that represents a returned time value that occurs after 

4 a preceding time value that is represented by a most recent preceding timer event and 

5 before a next time value that is represented by a next timer event to occur. 

1 8. (Currently amended) The method of claim 7, wherein the returned time 

2 value th^is--fe|?resented- by--lhe-coBfit^ajue t h at is re tu F Re44e-fee-§nest^eftwafe falls 

3 proportionately between the prec eding time value that is represented-fey the -most-repent 

4 preceding timer eve n t and the next time value t h at is r e pr e s en t ed by the noxteimer 

5 eveet-te-soGUf , based on the proportion at which the real time of the attempted reading 

6 of the .read count value falls between the real actual time thai at which the most recent 

7 preceding timer event was generated and the real actual time that at which the next 

8 timer event is scheduled to be generated. 

1 9. (Currently amended) The method of claim 3 [[1 ]], wherein the method is 

2 performed by keeping track of an apparent time, which represents the time as it would 

3 appear to the guest software, a s indicated by the virtual ti mers. 

1 10, (Currently amended) The method of claim 3 [[1]], wherein the method is 

2 performed using a timer event queue, 

l 11, (Currently amended) A computer program embodied in a tangible 

com puter-readabl e storage medium, the computer program being executable on a 

3 phys ical computer as part of a virtual computer system, the p hysical com puter h aving 

4 one or mo re timers for keeping track of a r eal time for the physical computer, the virtual 

5 computer system comprising one or more trmer emulators for emulating a plurality of 

6 virtual timers, each of the plurality of virtual timers generating one or more timer events, 

7 the computer program comprising: 



Serial No. 10/782.092 
Art Unit: 2128 



Page 7 of 27 



Docket: A42 
Amendment 



8 a time coordinator for coordinating the respective timer events of the 

9 plurality of virtual timers, the time coordinator: 

10 determining how each of the plurality of virtual timers has been 

11 programmed; 

12 based on how each of the virtual timers has been programmed, 

1 3 determining a relative sequence of timer events as set according t o the 

15 tmpleiweRt€^--^ 

1 6 wherein the gen eration of tim er e vents falls b ehind th e real time, so 

1 7 that a first plurality of ti mer events, i ncluding a timer eve nt from each of at 

18 least two of the virtual timers, are set to have alread y occu rred according 

1 9 to the r eal t ime, but t he first plurali ty of tsmer events have not vet o ccur red 
2 0 in the virtual co mputer system; and 

2 .1 notifying the one or more timer emulators when each of the plurality 

2 2 of virtual timers isto sheylcl generate a timer event, so that the first 

2 3 plura lity of timer events are generated in the same combined sequence as 

2 4 the timer event s are s e t to occur a ccording to the real time if-thewtuaf 

1 12. (Currently amended) The computer program of claim 1 1 , wherein the time 

2 coordinator uses an apparent time, representing the time as it appears to a software 

3 entity thai is using the plurality of virtual timers, in determining the relative sequence of 

4 timer events according to th e real time thatwuld^5e-§eftei3^^ 

1 1 3. (Currently amended) The computer program of claim 1 1 , wherein the time 

2 coordinator uses a timer event queue to determine the relative sequence of timer events 

3 according to the re al time fhat^wi€Mse-§e«8fa4^ 
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X 14. (Currently amended) The computer program of claim 1 3, wherein the 

2 timer event queue maintains a -single-time value for each of the plurality of virtual timers, 

3 representing a time at which the respective virtual timer isto &mM generate its next 

4 timer event. 

1 15. (Previously presented) The computer program of .claim 14, wherein the 

2 timer event queue comprises a linked list 

1 18. (Currently amended) TS^-eomffutef -pfogsam-ef clai m 1 4? A compute r 



* program emb odied m a comp uter-readable storage medium, the comput er program 

3 Mo& exec utable on a physical computer as part of a virtual computer system, the 

4 physical comp ut er having on e or mo re timers for keeping track of a r eal time for the 

5 physical computer, the virtual com puter system compri sing one or more timer emula tors 

6 for emulating a plurality of virtual timers, each of the plura lity of virtual timers generating 

7 one or more timer ev en ts, the computer pro gram com prising: 



8 a.time coordinator for co ordi nating the respective timer events of the 

9 plurali ty of virtual timers, the time co or dinator: 

1 0 determini ng how each of the plurality of virtual timers has been 

11 programmed; 

12 based on how e ach of the virtual timers has bee n programmed, 

1 3 determin i ng a rela tive sequenc e of timer events as set ac cor ding to the 

1 4 real ti me; and 

1 5 notifying the one or more timer emulators w hen each of the plurality 

1 6 of virtual timers is lo gener ate a tinier event, so that th e ti mer events are 

1 7 generated i n the same c ombined sequence as the time r events .aresetto 

18 occur acco rdin g to the real ||me, 

1 9 wherein the time coordinator has a catch-up mode that is used when the 

2 o generation of timer events in the virtual computer system is behind the real time, 

2 2 system and a norma! mode that is used when the generation of timer events in 
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the virtual computer system is -caught up to the real time. 



4he4tmef 



wherein, when the time coordinator is in the catch-up mode, the average 
rate of timer events in the virtual computer system exceeds the average rate at 
which timer events ar e set to occur according to the r eal time, weu-kMse 

wherein, when the time coordinator is in the norma! mode, the average 
rate of timer events in the virtual computer system is substantially the same as 
the average rate at which timer events are set to occur according to the real time 



1 17. (Currently amended) The computer program of claim 16, wherein, when 

2 the time coordinator is in the catch-up mode, the interval between successive timer 

3 events in the virtual computer system is substantially proportional to the interval thai 

4 weald occur between the same successive timer events as set accordin g to the real 

5 time m-a-physlsal-ee mpyter sys tem. 

1 18. {Currently amended) The computer program of claim 18, wherein, when 

2 the time coordinator is in the norma! mode, the interval between successive timer 

3 events in the virtual computer system is substantially the same as the interval that 

4 wsukf-eeeuf between the same successive timer events as se t accord ing to the real 

5 time m 



1 9. (Currently amended) The computer program of daim 18, wherein the time 
coordinator enters the catch-up mode when the generation of timer events in the virtual 
computer system falls behind the real time timing of ¥/hen the-tim^-ever^s -vvoyM^e 
generated in a p ^ioal-c^mp^tef---system by a predetermined amount and the time 
coordinator enters the normal mode when the generation of timer events in the virtual 
computer system goes ahead of the reaJtirne t^mifjg-^^ 
§ef^a4ed-ln- a-physica^omp4jt er sys tem by a predetermined amount. 
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20. (Currently amended) The computer program of claim 16, wherein the time 
coordinator enters the catch-up mode substantially immediately when the generation of 
timer events in the virtual computer system falls behind the real time fim}flg^when4he 
timef-eve^ts-^euld- be ge n e rated in a ^hys i Gal - eom pilef^slem and the time 
coordinator enters the norma! mode substantially immediately when the generation of 
timer events in the virtual computer system catches up to the real time ti 
the-tlmef-e 



1 21. (Currently amended) The computer program of claim 16 [[1 1 }} s wherein, if 

2 a software entity attempts to read a read count value from a virtual timer, the time 

3 coordinator provides a value to one of the timer emulators, which causes the timer 

4 emulator to return a returned count value to the software entity that represents a 

5 returned time value that occurs after a preceding time value that is represented by a 

6 most recent preceding timer event and before a .next time value that is represented by a 

7 next timer event to occur. 

1 22. (Currently amended) The computer program of claim 21 , wherein the 

2 returned time value tf^s-fepfeser^4-by4he-^^ 

3 softwar e e nt it y falls proportionately between the preceding time value that-is 

dif^4imer event and the next time value tbat-is 

t-te eeeuf, based on the proportion at which the real 
time of the attempted reading of the count value falls between the real aetuai time that 
at which the most recent preceding timer event was generated and the real actual time 
MMM} the next timer event is scheduled to be generated. 



23. (Currently amended) A method for coordinating a plurality of virtual timers 
in a virtual computer system, the virtual computer system operating within a physical 
computer system, the physical com puter syste m having one or more timers for keeping 
track of a re al time for th e physical computer sys tem, the method comprising: 
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5 receiving programming information for each of the virtual timers, indicating 

6 when each of the virtual timers is to generate timer events; 

7 determining when each of the virtual timers wo uld is set to generate timer 

8 events according t o the real time, &4he^ya44imefs^^ 

9 physi€al-som^ulef-systeffi-an4 

1 0 w herein the virtual timers fa !! behind the reai time, so tha t a firs t plurality of 

11 timer event s, including a ti mer event from each of ea _ jo o f the virtual 

1 2 timers , are sei to have s teady occurred acco rding to the real tim e, but the first 

1 3 plurality of timer ev ents h ave not yet occurred in the virtua l computer system; and 

1 4 causing the virtual timers to generate the first plurality of timer events in 

i 5 the same combined sequence as the time r events a re s et to occur acc ording to 

1 6 the rea l time i f t he virtua l t i m ers ha d b ee n i m ple m d nted -^-a^hysical co mp ute 

1 24, (Currently amended) The-^ ethod o f claim 23, fu fther-cofRprismgr A 

2 method for coord inating a pluralit y of virt ual timers In a virtual computer system, the 
■■ v:tua. co mputer system op eratin g w.t?- n a phys cal computer system, the c_ \ 

4 comp uter system having one o r more t i mers for keeping tr ack of a re al time for th e 

5 Physical computer system , the method comprising: 

6 receiving programming Infor mation for each of the vir tual timers, Indicating 

7 wh en each of the virtual timer s is to generate timer events; 

8 determining when e ac h of the virt ual timers is se t to generate timer events 

9 accordin g to the reai time; 

1 0 causing the virtual ti mers to generate timer events in the same rambled 

1 1 sequence as the timer e ve nts are se t to occur according to the reai time; 

14 femefi- 

1 5 determining an apparent time that would appears to exist within the virtual 

16 computer system based on timing information provided by the virtual timers; 
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when the apparent time is substantially the same as the real time, 
generating timer events at substantially the same real time as the timer events 
ar e set to occur accc ." _ e ~-ey w o u ld be-geRerate4#4he-vH^[ 
femefs4*a4438€^imfilem^ and 

when the apparent time is substantially behind the real time, generating 
timer events at a faster rate than the tim er events are set to o cc ur ac cording to 
thejeajjime ttey-we^^-g&nera^ 

i^a^ysfea to rriputer s y s te m , until the apparent time catches up to the real 

time. 



25, (Currently amended) The method of claim 24, wherein, when the apparent 
time is substantially behind the real time, the interval between successive timer events 
in the virtual computer system is substantially proportional to the interval th at w ou ld 
mm between the same successive timer events as set accord ing to the real time m~a 
physfealeefflpytef syst e m . 

28. (Currently amended) The method of claim 24. wherein timer events are 
generated at a faster rate than the timer events are set to occur accordi ng to the real 

sGmpate^system, when the apparent time fails behind the real time by a predetermined 
amount; and wherein timer events are generated at substantially the same real time as 
the timer events are s et to occur according to the real time i^y-wouM-fee-gemfafeMi4f 

apparent time goes ahead of the real time by a predetermined amount. 



27. (Currently amended) The method of claim 24, wherein timer events are 
generated at a faster rate than the timer events ar e set to occur according to t he real 



time they-weajd-feeijeBe^ 

eemputef-system- substantially immediately when the apparent time falls behind the real 
time, and wherein timer events are generated at substantially the same real time as the 
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6 timer ev ents are set to oc cur according to the real time t he y would be g en erat e d if -fee 

7 v4i$ya^4imeiB4 : ^ su bstantial ly 

8 immediately when the apparent time catches up to the real time. 

1 28. (Currently amended) The method of claim 24 [[23]], wherein, if a software 

2 entity within the virtual computer system attempts to read a read count value from a 

3 virtual timer, a returned count value is returned to the software entity that represents a 

4 returned time value that occurs after a preceding time value that is represented by a 

5 most recent preceding timer event and before a next time value that is represented by a 

6 next timer event to occur. 

l 29. (Currently amended) The method of claim 28, wherein the returned time 

3 proportionately between the pr eceding time value that is represented -&y- th e m ost r e c e n t 

4 pf^e^#if4imef--e-vefit and the next time value fea44s repres en te d by fe e-nex-Hmw 

5 -evefft-te-GCGUF, based on the proportion at which the .real time of the attempted reading 

6 of the read count value falls between the real astea! time that at which the most recent 

7 preceding timer event was generated and the real actual time feat at which the next 

8 timer event is scheduled to be generated. 
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